The discovery of the citrovorum factor (CF) in yeast and in liver (Sauberlich and Baumann, 1948) was accompanied by the observation that a portion of the material existed in a bound form, from which it was liberated by incubation with an enzyme system ("conjugase") found in hog kidney (Bird et al., 1946) . Bound forms of CF were found by Iwai et al. (1954) in higher plants, and these also contained an enzyme system capable of releasing free CF. By analogy with the bound form of pteroylglutamic acid obtained from yeast , that of CF has been considered to be a y-linked heptaglutamate. Using a special bioautographic technique, Doctor and Couch (1953) studied the chromatographic behavior of the bound form of CF: the agar medium was inoculated with Leuconostoc citrovorum (now termed Pediococcus cerevisiae), together with a conjugase preparation from chick pancreas; in this manner, the presence of a bound form of CF (presumably a heptaglutamate) in commercial extracts of mammalian liver, in yeast and in autoclaved chicken liver, was confirmed.
In contrast to the heptaglutamate form of CF, those derivatives of CF which contain only one or two additional y-linked units of glutamic acid are active for L. citrovorum; this was shown by Shive et al. (1950) who synthesized the diglutamate and triglutamate forms, as well as CF (5-formyl-5,6,7,8-tetrahydropteroylglutamic acid) . The chromatographic behavior and enzymatic hydrolysis of the diglutamate and triglutamate forms of CF have been studied by Bolinder et al. (1953) .
Using bioautographic techniques, Winsten and Eigen (1950) demonstrated that a liver preparation contained, in addition to CF, two other materials active for L. citrovorum. That these were polyglutamate forms of CF was suggested by their disappearance after incubation with the rat stomach conjugase system while the amount of free CF increased. Not only animal tissues and yeast, but also seaweeds (Banhidi and Ericson, 1953), lichen (Sj6str6m and Ericson, 1953) , and marine algae contain, in addition to free CF, unidentified compounds with activity for L. citrovorum; comparison of these with the synthetic triglutamate and diglutamate forms of CF suggested that in lichen a triglutamate and in marine algae a diglutamate form of CF were present (Ericson, 1953) .
Simultaneously with our studies, referred to in an earlier note (Hakala and Welch, 1955) , the observation that a triglutamate form of CF can be derived from Streptococcus faecalis was made independently in this laboratory by Zakrzewski and Nichol (1955) . Also, several complex pteridine polyglutamates, some with activity for L. citrovorum, have been detected in Clostridium cylindrosporum by Wright (1955) .
In this paper, evidence that Bacillus subtilis contains a y-linked triglutamate form of CF (or a labile precursor of it) is presented. An enzymatic preparation of a similar compound from "Teropterin" (synthetic triglutamate form of pteroylglutamic acid) and comparisons of it with the substance present in B. subtilis are described.
MATERIALS AND METHODS

Pteroyl
, and synthetic CF ("leucovorin"), i. e., 5-formyl-5,6,7,8-tetrahydropteroyl-L-glutamic (Lepper, 1950) (Nichol, 1954) , but that substances corresponding to the di-or tri-glutamate forms of CF were not found in the incubation mixture.
Therefore, an incubation with a cell-free sonic extract of S. faecalis cells was carried out under the conditions described by Nichol (1954) for the conversion of PGA to CF. Thus, to the extract of 2.5 g (wet weight) of the bacteria in 50 ml, was added sodium formate (100 mg), sodium ascorbate (85 mg), glucose (180 mg), adenosine triphosphate (38 mg), diphosphopyridine nucleotide (66 mg) and Teropterin (5 mg); the mixture was incubated at 37 C for 3 hr. Table 2 indicates that CF and its triglutamate form were derived from teropterin in this system (bioautograms did not reveal the presence of the diglutamate form of CF). Incubations were made simultaneously with "folvite" (PGA) and diopterin (PG2A), but no compound with the chromatographic and microbiologic characteristics of the factor from B. subtilis was found in these incubation mixtures.
From 5 mg of teropterin a total activity for L. citrovorum equivalent to 256 ,ug of CF was obtained. The mixture was purified by repeating three times the entire procedure described under Methods. The final product, the activity of which was equal to 80 ,ug of CF, was recovered and assayed microbially (table 3) . These assays indicate that our preparation of the triglutamate form of CF has very little activity for S. faecalis.
Effect of hydrogen ion concentration. The total activity for L. citrovorum released from the cells of B. subtilis into extract A was least when the extraction was done in the pH range 6 to 8, but with moderate increases in acidity (pH 5) or no microbial activity) increased the activity of each for S. faecalis by about 50-fold and for L. citrovorum by only 25 to 45 per cent (tables 1 and 3); the initial high activity of each for L. casei was unchanged. These results with crude extracts of B. subtilis, and with the material prepared enzymatically from PG3A, demonstrate the negligible activity of the triglutamate form of CF for S. faecalis, as compared with the high activity of the diglutamate form. When incubated at pH 4.5 and 37 C for 18 hr with a crude preparation of hog kidney conjugase (Bird et al., 1946; Hill and Scott, 1952) , an enzyme known to release free PGA from its conjugates (Hutchings et al., 1946; Suarez et al., 1946) . On the other hand, Ericson (1953) regarded both diglutamate and triglutamate forms of CF as active for S. faecalis, whereas Wright (1955) found no activity for S. faecalis in any of the polyglutamyl pteridine compounds found in Clostridium cylindrosporum.
Evidence for the identity of the oligo-glutamate form of CF in B. subtilis with the triglutamate form was provided by the enzymatic formation of a compound with the same characteristics from the triglutamate form of PGA. Both compounds, although not isolated in pure form, had the same microbial and chromatographic properties and their behavior toward acid, alkali, and enzymatic digestion was identical. Although S. faecalis cells are very inefficient in their use of the triglutamate form of either CF or PGA for growth, and the intact cells fail to convert PG3A to the corresponding form of CF, an enzyme system capable of performing this conversion is present within the cells. Thus, these intact cells have a selective capacity for utilizing PGA (and presumably the diglutamate form), but not the triglutamate forms; according to Hutchings et al. (1947) PGA and PG2A are equally active, on a molar basis, in promoting the growth of S. faecalis. Yet the triglutamate form of CF is normally present within these cells (Zakrzewski and Nichol, 1955) . Under the conditions tested, cell-free extracts of S. faecalis did not lengthen the peptide chain of monoglutamate or diglutamate forms of PGA.
Enzyme systems capable of splitting the -ylinkage of the polyglutamate forms seem to be quite common; they occur to a varying extent in the tissues of many species: avian, mammalian, and in higher plants (Bird et al., 1945 (Bird et al., , 1946 Laskowski et al., 1945; Iwai et al., 1954) ; their presence in bacteria is indicated by these studies of cell-free extracts of B. subtilis. In general it appears that not only CF but its oligo-glutamate and polyglutamate forms also are widely distributed, being found not only in animal tissues, higher and lower plants, but also in bacteria. Evidence for the presence of a higher conjugate of CF in B. subtilis was not found; neither the bioautographic technique using chicken pancreas preparation in the medium (Doctor and Couch, 1953) 
